During the last three decades, minimally invasive surgery has become common practice in all kinds of surgical disciplines and, in Thoracic Surgery, the minimally invasive approach is recommended as the treatment of choice for early-stage non-small cell lung cancer. Nevertheless, all over the world a large number of lobectomies is still performed by conventional open thoracotomy and not as video-assisted thoracic surgery (VATS), which shows the need of a proper training for this technique. Development and improvement of surgical skills are not only challenging and time-consuming components of the training curriculum for resident or fellow surgeons, but also for more experienced consultants learning new techniques. The rapid evolution of medical technologies like VATS or robotic surgery requires an evolution of the existing educational models to improve cognitive and procedural skills before reaching the operating room in order to increase patient safety. Nowadays, in the Thoracic Surgery field, there is a wide range of simulation-based training methods for surgeons starting or wanting to improve their learning curve in VATS. Aim is to overcome the learning curve required to successfully master this new technique in a brief time. In general, the basic difference between the various learning techniques is the distinction between "dry" and "wet" lab modules, which mainly reflects the use of synthetic or animal-model-based materials. Wet lab trainings can be further sub-divided into in vivo modules, where living anaesthetized animals are used, and ex vivo modules, where only animal tissues serve as basis of the simulation-based training method. In the literature, the role of wet lab in Thoracic Surgery is still debated.
Introduction
During the last three decades, minimally invasive surgery has become common practice in all kinds of surgical disciplines (1, 2) . Minimally invasive thoracic surgery is increasingly replacing open thoracotomy and recommended as the treatment of choice for early-stage non-small cell lung cancer (3) . Nevertheless, all over the world a large number of lobectomies is still performed by conventional open thoracotomy and not as video-assisted thoracic surgery (VATS), which shows the need of a proper training for this technique (4) . The VATS approach can be performed through multiple or single port. The use of this technique has proven to have a better tolerance for the patients, providing a faster postoperative recovery, less pain and fewer complications (5, 6) . Development and improvement of surgical skills are not only challenging and time-consuming components of the training curriculum for resident or fellow surgeons, but also for more experienced consultants learning new techniques.
The rapid evolution of medical technologies like VATS or robotic surgery requires an evolution of the existing educational models to improve cognitive and procedural skills before reaching the operating room in order to increase patient safety (7) . In addition, recent changes in the European Working Time Directive have led to the implementation of new standards in the working time pattern, decreasing the time for teaching residents in the operating rooms (8) . All that indicates the urgent need for a more structured and focused training for the new emerging techniques.
Nowadays, in the Thoracic Surgery field, there is a wide range of simulation-based training methods for surgeons starting or wanting to improve their learning curve in VATS. Aim is to overcome the learning curve required to successfully master this new technique in a brief time.
In general, the basic difference between the various learning techniques is the distinction between "dry" and "wet" lab modules, which mainly reflects the use of synthetic or animal-model-based materials (9, 10) . Wet lab trainings can be further sub-divided into in vivo modules, where living anaesthetized animals are used, and ex vivo modules, where only animal tissues serve as basis of the simulation-based training method. In the literature, the role of wet lab in Thoracic Surgery is still debated.
Dry lab
The advances in the experience with minimally invasive techniques and the introduction of new instrumentation that needed to be tested in a non-clinical environment and eventually discussed or improved by technicians or bio-medical engineers have led to the evolution of dry laboratories. These working environments are providing simulators such as box trainers and virtual reality (VR) simulators (11) . But where laparoscopic surgery has undergone a rapid evolution of the simulation-based training methods for the training and assessment of technical skills in general surgical procedures, the parallel development of models for minimally invasive thoracic surgical procedures has not arisen in the same manner. The reasons behind this are probably multifactorial. Thoracic procedures are less standardisable and less frequently performed compared with their general surgical equivalents. Also, the number of residents trained is way smaller than in the general surgical programs. These aspects generate financial challenges for industries interested in developing such technologies (12) . Regarding the Thoracic Surgery training, some studies aid the incorporation of VR simulation into established surgical training programs. For example, Solomon et al. tested the trainees on a VATS right upper lobe resection simulation using a dedicated simulator for Thoracic Surgery procedures. They proved that VR simulation could reduce some of the limitations of existing training models (13) . In general, various surgical simulators at different stages of development, assessment, and commercial manufacturing have been in use to date and more has to be done in this field in order to establish the importance of this kind of training for thoracic surgeons (14) . Nevertheless, the reality and accuracy provided by wet labs is still not comparable to other kinds of simulation.
Wet Lab
VR simulation is a good teaching strategy, as it provides the chance of monitoring important surgical features, like economy of movement and tissue handling. Unfortunately, VR simulation systems are not a resource available in any center. Otherwise, using wet labs as teaching tool is often avoided because of the ethical concerns that are arisen by the employment of living animals in order to exercise surgical skills.
The use of animal tissues for teaching basic surgical skills is highly appreciated by medical students and trainees and it has been proved that its use improves greatly the learning of basic and advanced surgical techniques (14) . The simulated environment of the wet lab is an ideal training platform, because the differences in animal anatomy promote critical thinking and knowledge retention in a risk-free clinical scenario (15) . Wet labs can have a different educational focus accordingly to the experience of the group, who is working with it: students can learn basic surgical techniques, trainees and consultants can practice advanced surgical procedure like VATS lobectomies. Consequently, the aims of each wet lab can be modeled on the abilities and knowledge of the participants to increase the educational benefit and the utility of the acquired skills (16) .
Swine is the most common category of animals used for this purpose. Sheep or dogs are also reported to be in use in some countries, in which the use of these animals for medical experimentation is permitted. The employment of swine in the teaching of surgical skills has spread in the last years and probably this practice will expand in the future due to the impossibility in most countries of using dogs in animal labs (17) .
S w i n e h a v e b e e n a l r e a d y u s e d f o r t r a i n i n g i n gastrointestinal, gynecological and cardiovascular surgery. Particularly in the thoracic surgical field, swine wet labs have shown some surgical learning advantages for residents in Thoracic Surgery (18) . The pig is not the ideal animal model, as it has a very small and short chest when compared with its whole size and the employment of bigger swine does not change the proportions. In fact, pigs heavier than 30 kg develop more muscles but do not significantly increase the size of their rib cage, so there is a smaller working space. Furthermore, the pleura and the parenchyma are very friable and may be easily torn causing bleeding. Sheep's anatomy is more similar to human anatomy as their chest is bigger, but sheep are more expensive and so less used.
Tedde et al. wrote in 2015 an interesting paper about their experience in swine wet lab for left VATS upper lobectomy (19) . In this study, 40 swine were employed in a wet lab teaching video-assisted left upper lobectomy. One-lung ventilation was accomplished and a triportal VATS lobectomy was performed. The upper lobe vein, the bronchus and the branches of the pulmonary artery were dissected in this order as in the anterior approach. The conclusion of this paper is that performing a VATS lobectomy using swine is a good training strategy for thoracic surgeons.
Information about swine's anatomy is required before proceeding with the surgery. In fact, pigs have four pulmonary lobes on the right side and two on the left side. Generally, the lower lobes are bigger than the upper lobes (19) . Surgical procedures like VATS lobectomies can be carried out on both sides. On the right side, the median lobe is the more adequate to work on because of its size, as it is not as big as the lower lobes. Same is for the upper lobe on the left side. In these lobes, the vascular structures and the bronchi are convenient for the dissection due to their diameter and their similarity to the human anatomy. In addition, they can be reached easily from the fourth or fifth intercostal space (20) .
VATS lobectomies in swine may be performed with one, two, three or four ports. The techniques with two or three ports are easier to perform in the swine and therefore the training is more effective. The uniportal or the four-port techniques are the most complicated, due to the small size of the swine's thoracic cavity.
A valid alternative to the use of real animal models, that can lead to ethical questions, as previously stated, are the 3D Printed "Biotexture Wet Models" for Surgical Training (Fasotec, Chiba 261-8501, Japan). The printed lung is wet, soft, and complete with tumors and blood vessels and can be very well used in simulations (Figure 1) .
Conclusions
Wet labs, maybe combined with VR simulators, could be the answer to the increasingly demand of an improved training for VATS surgeons. Additional investigations are required to evaluate the efficacy of alternative methods of surgical skills education, such as inanimate models, which can be less expensive and therefore more accessible for more institutions.
